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It was found, some twenty years since that the upper harbor of 
ay 


Reston, betwe een the end of Long Wh harf Castle Island narrows, 


had become so much shoaler during the “past centur that considerable 


e a inconvenience had been occasioned to the commerce of the the port. oe 


Seeking relief from this steadily i increasing evil, the city government — 


r in 1860, by ‘Hon. F. W. Lincoln, May yor, called in the aid of a commission 


of experts: whom the President appointed for the purpose, consisting 
of the Chief Engineer of & U nited S States Army, eal Jos. G. Totten, 
the Superintendent of the United States National Observ: vatory, Admiral 
Chas. Davy 
D. Bache. ge commissioners careful 1 hydrographic 


surveys and researches based the ‘reon to account for the changes that 


had taken place, ond to recom such action as might be advisable — 
> remedy | the evils. _ They y embodied their researches and advice in ten 
ow; 


ow ing to the of ‘the 2 wor 


to be more appropriate for the State and F eral Governments th 
the ¢ city alone to carry the em out. o. 


In pursuance 0 of this view, the Federal Gov has 


"important work i in the low er har bor along the line of the ‘main aed chan-— 
nel . The | State Legislature also passed. an actin 1 186, constituting a Board A 
ag 
ao of Harbor Commissioners to whom was committed the interests of the 
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ks recommended it was considered 

qe 


_ whate ‘ver causes in all the harbors of the State, and with particular 
3 reference to remedying the shoaling of the upper harbor of Boston by 


_ the works recommen nded. beso former Board of Federal office 


4 retained as an ‘“ havi isory 
important improvements. On the of Gen. Toten, his was 


filled by his s , Ge ren. elatield, Chief ‘Engineer of the United 
lace was filled by 


Prof. ‘Henry 
er, 


was found by commissioners like many growing cities 


situs ited on nevigable waters: with shoal margins, Boston had been 


adde d to their ir numbe er, 


gr adually built out into the t tide water, by the reclamation of these 


margins 1 for whar ves, streets and buildings, so that the densely peopled 


portion of ‘the city now an are: about half of which was once 

cov ered by the di tides, This « change had "produces ed a marked effect 
upon the tidal currents of the upper harbor. It changed the line of the i 


shore so as to alter the direc ‘tion of the currents in some places, le "aLV ing 


s to be al slowly, ‘filled by. ‘deposit of suspended mi: ater, 
1e tidal pr ism, displaced by the filling of reclaimed 
mar, gins had seriously disinichol the volume and scou ing Cetin of the 
flow i in the immediate vicinity of and below the cit ey 7 

ts we draw a line across from Deer ide md to Point 4 Allerton, con- Y 


Mee 
j necting the headlands the mouth of the harbor (see C hart, Plate’ Vv. 
a subje ct to tida uf 


not sensibly a affect volume of daily ps passing this ‘which is is 


ra some three miles wide, but that loss does materially : affect the volume — 


oe through the sage of the harbor above | Castle Island, where t he 


The volnme of fresh water flowing into 
“heh harbor is is never large, and the depth of its channels is only! to be main- $ 


ts ained by the tidal ul scou Th The tidal actir tion, however, s serves to ‘intensi sity 
the power of the land water by. damming it were one- half the time, to 


be “delivered during the ‘ebb with double its average volume. Tidal 


currents als also give a definite resultant in one direction, not canceled d by ; 


the return m flow, owing to the of ‘the shores, Which often 
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3 ing the same path, which is sometimes the case, the ebb is generally 


water, but because its course is concentr ative, acc umulating 
as it goes, while that of the flood is | dispersive, losing velocity as it 
ters la later ally, over ‘the flats on ‘either side the 


There is one “point, , however, in Boston harbor where the flood w 


. found to be a stronger current than the ebb, | riz. above tl the e Cast 


Island ‘But point Op > K t Boston, 


as 


Soston is suddenly checked | ics several local causes, all combining to 


loss of velocity and consequent deposits Among these causes 
the following : (a 1.) The large lateral | expansion n of the ebb, and con- 


ae nines over the area between South Boston and East Boston. 


point, and having but little area to eliver \ 


ebb, to its extensive: left bare. at ‘that ives most of its, 


‘ebb. The asin of ¢ ( tharles_ river ho 


of the Mystic, while the numerous pile 

w hich cross between Boston and its” northern wana oppose by over 


to: marked extent. te 


OF 


from the Mystic is s mostly expende ead continues to mm with. f 
through for si some time e after ‘the eu 


the upper harbor. 
iency for tid: al scour ar by lack. of unity in thele Another, 
though a minor agent, oT 1 checking | the e yb a 
directi tion of the ebb from the south bay dita h deboue shes into the ‘upper 

‘harbor by Fort Point ch unnel in a direction almost diametric ally opposed | 


to that of the ebb from ‘om the n northern. basins, se rving thereby no not only | to 


_ Cancel its own momentum br but to check as far as it may th 


their surveys, ores Board of welt ‘ial Commissioners ‘recommended at an a 
day to enclosure of the South Boston flats bys a wt 
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q 7 peg ab 4 
Water to the harbo} iv in f DD ni } jittie leit for 
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eleven thousand pues the How of the cur: 
paen lt je that tha abh from the Charles 
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= ut of the other 
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eof Fort Po nel by an easy 
, while the weaker oul of this is channel near its junction with ‘the 


preoeenign was to be built out in a parallel curve, as , shown on Plate IX. P By —- 


this means the e ebb eurrent from the south bay would be » prevented from 
wasting its force : that of the northern els, and Ww ould be led by 


ved bank o on its west side to follow the line of its s eastern side, along 


new wall, till its direction should essentially contribute to, rather 


would so. far yrevent the former dispersion of of the 


as to add vastly toi its scouring power in the ship channel. 5 con- 


‘struction 1ofa Ww vall along the north of the ship. channel fron om 


_ East Boston towards Gov. ernor’s Island was also. dise vussed, passing along 


had merly and thus serving to prevent the 
efficiency ‘of such a 


recouping the cost of such | aw by the value of the lands reclaimed 


for commercial uses, to > justify wach an under taking. _ The prospect of a 


demand for su such lands 


ith | Boston side was, however 
amet sufficient a warrant the enterprise, and in 1868 a tract of some “< 
at 
twenty- five 2 acres on the east side « of Fort Point channel was sold | to the e- 
Boston Wharf ‘Company to be walled in and filled. The Harbor Com- — 
Inissioners being authorized made contracts in 1868 on ‘behalf of 
- State for walling | in and filling the portion of these flats north of 


those sold to the Boston Wharf Company, ne arest to and along F ont 


e Boston mpat 

Point channe 1, for a compensation in a part of reclaimed lands ; but as 

the terms of the contract did not meet the approval « of the Executive, | 


a the was dropped. Ino the year 1873, an appropriation of money 

~ having been made for the purpose by the Legislature, the Harbor Com- 

missioners ‘made contracts for the building of about 720 feet of light rs 


wall on piles along the east side of Fort Point channel from ited - 


filled by the Boston W hart Company, northward—and thence 
or building « of | a heavy ‘sea wall around the curve as show n on Plate IX, to 


the boundary line of flats sold to the Boston and Albany Railroad Com- 
a pany, with: the filling i in of about tw eated five acres of land enclosed. i 
This last-named cor poration, having purchased a tract of about 


acres on the easterly side of the | above, | agreed to wall in the s 
the front or harbor line and fill j in behind the wall the whole ot said 50 
neres, reserving such portions as might be needed for docks or tidal 
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at similar prices and to similar pla uns and specifications. The 

work then contracted for has made some progress and and the work of im 

ate’ ’s tract of 25 acres has been finished. uf That under- 


taken by the railroad company is still j in progress. _ The material for fill- “a 
ing up to grade 1 13 above mean low water was to be of clay t taken from n 


the harbor between ie wi walla and the main ship channel, by dredging to 
level ‘of 23 feet below mean low water. "Three feet of clean gra el 


ballast was to be, and has: been p placed on this clay, raising impr 
3 tracts to a level of 16 6 feet inal mean low w 


water extreme spring tides. = 


| Seer 10N 1. Said wall shall be built i in sue wh location as shall be marked 


it by the Engineer of the Board of Harbor -Commiss ners, previous — 
to , the commencement el operations by the contractor ; and the con- 


tractor shall preserve the location of driving piles to mark 


the location of the wi vall permanently. set 


The trench shall be dredged for the wall, direction of said 


= 


to a de pth of two o feet below low water tides. 
; 7 The foundation piles tos support the wall shall o oceupy a a space = 


or wide, having five piles in poetics rows, said rows to be two and one- 


hat feet distant from centre to centre re of each 
All All piles. shall be driven into | the hard e ‘lay 
the Engineer of the I Hi Commissioners. ‘The to he in 


eter not than inches low: mark ‘spring tides, at which 


On the of the are to » be agers of t spree ruce 


ace ween the: heads the piles pe two feet i in de tenth 


grade shall be feet in height, with a true 

batter front and rear. . The wall shall be nine feet wi at the bottom, 
five feet. w wide at salies including an offset of one foot for a resting 


ia os, 
|  _ basins for the use of vessels. The filling and walliug was to progress i: ; me 
| connection with the improvement of the 25 acre tract improved by the aan , ae 

4 State, and contracts were made by the railroad company with the 
4 parties who contracted for the work done by the Harbor Commissioners 
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place fo for to the ends of to be constructed 


‘The rear ot the wall oe ballasted with oyster shells, from the 
‘back of the wall toa a line commencing ats a point two feet in rear of the — 
back o of the of tl the wall, and extending i in a slope o of -forty- -five de- 
grees to the | base of th hone wi all, as shown on annexed pl: -— marked es 
‘At the end of the w wall a a flank w w val shall be built to. connect this 
with the adjoining heavy 8 sea-wall, ace: cor ording to the direc ection of the En En- 
gineer of the Board of of Harbor ommissioners. 
vig This wall to be commenced w within thirty deen after notice that the 


of the wall is made, and the work be vuted 


’ 
“eighteen hundred and s sev eventy 


H Warn, 


modified and one foot within same as and in such 
Re 


ra location a , shall be marked out by the Engineer « of the Board of Harbor . 


~ Commissione ers, previous to the commencement of operations by the ¢ on- 


i teacher ; 3; and the contractor shal peeeee ve the location of onid line by 


= oon nearly as as prac practicable a ale vel sur de veh of of the trench shall 


‘This trench i is to be fillea w a broken qui wry stones of mixed sizes a 


none than seventy- -five e pounds weight, thrown in and deposited i in 


ular Jayers: of not over pur feet each thi in and each layer is to 


lay er. 


This i is to forty-five feet i in width at the and for the 


die er three feet of aliad depth, thence sloping inward on each side with a ‘+ 


_ of one and ‘a half horizontal ne one vertical for a further depth sot 


f eleven feet belov below me 


q 
a feet thick, with sufficient headers to secure the stability of the wall, well 
4 
i 
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il 
— wall shall be built in accordance with the plan marked XI, hereto an- an 4 ; 
‘The trench for this sea-wall shall be excavated to the satisfaction 
q 
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seinen chips of f quarry s anne to Teceive the dl 
slope is to hay . the interstices saad ll filled with similar 


The wall to to the heig’ tof one foot below low w rater built j in 


the: aid of submarine courses hai 


\ ies entirely with: headers and stretchers, the bottom or first course a 4 
being h headers. stone ‘sh: all be at least four fee et, and not more than 
“ten | feet long, at we eightee a ‘inches w ide, and - xactly two feet rise 


fitted to one inch square ends and out of wind. 


“The base of the wall shall be fourteen feet. The height of the ws 


~ to one foot below mean low w w ater, ten feet, and the thickness of the well 


top, eleven feet four ine hes, 


one foot below mean Jow wi iter to the 


stones, or grade sixteen, shall ‘be laid with dimension stone, in ‘cement. oe 


The | courses shall be laid with headers and stret ‘tchers s, with not over ten 


feet interval betw een the heade rs, and have two feet rise, with the 


_ tion of the coping course, which shall have a rise of three feet, ; ,and be 


4 


z entirely « of headers. _ The stretchers shall be at least four feet long, and 
the headers shall heed be less than six on long from face inwardly. a The 


batter of. each face shall be two inches to » the foot. 


i base of this. wall shall be nine feet eight inches ; the height 
feet ; : andi the thie at the of the Wi all, feet. on 


il The back of the whole of the heavy wall from top to bottom shall be 


ballasted with cle an gravel, cobbles or oyster shells, Testing at a slope as 


steep as: they will sind, or forty- ees, and tapering to nothing at 


This wall shall be commenced by t the f first day of May , 1874, and fin- 


ished by the first day of August, is 75. 


“4 Src. 3. Space es in said walls for docks, or 4" purpose of filling t 


any other tinea may ata any time be reserve ed, per = or 'tom- 


ene structure . of the wall is » hegen in any such space, », and where such 


filled by a strong bulk- head, to — 


g the outer or harbor 
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i r, with fair and close outer face. Stones shall be laid soas to = = @@ a 
upon the beds iia 
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a. 
The parcel o 
of the main and ‘Fort Po oint in 


southwest by the fi: ats of the Boston and southea ast by 


sold to the Boston & Albany Railroad Company and. 
about a million square feet, more or less. 4 
The filling must be up to gute sixteen, Up to grade hirteen the eal 


t 
filing m must be with ‘materials dre dged f Fort Point 


- channel be ‘a the line of Oliver street extended, and from that part of 


Boston Harbor represented by the colore red on ‘the «Plan for 


the o occup: ition of flats owned by the Commonwealth in Boston Harbor,” 


——- to the sixth annual report of the Board of Harbor Senne 


a No. 11, at right ‘angles » with the line of said sea- sea- -wall, on on 1 the 1 main 


channel. Buch portions of Boston Harbor are to be dredged toa uni ] 
form depth of twenty- three feet at mean low ws Ww ater. Such po seins of 7 


Fo ort Point channel is to be so dredged that the bottom shall | uniformly. 
— gradually — om a cg twelve feet at mean low water at the 


-three ont southwest 
border of the area represented by the space | colored red on | said plan. 


‘The r residue of the filling + to grade sixteen must be with good clean 


yporary 


soa as tof furnish the itis protec tion t to the filling, tem 


“heads must be built for that purpose, as 5 required | y the Board of Har- 
‘bor Commissioners. _ Spaces required for docks may be reserved at wed 
aD”. 
time from filling by ’ the Board of Harbor Commissioners. _ — 


— AND Construction oF Dock. 


the of the walls ructed 1 to th is 


being of the 


; onsti ‘uction a as that on the east side ¢ ” Fort Point channel. - It is 


n five rows of piles driven from 20 to 30 feet into the bottom, 7 


yout 10 soot of which is a stiff clay, affording a satisfactory foundation 


_ 
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was condMded tie pr gress OF tue Work to construct a 
uo dock or tidal basin on the portion pnt under contract, the loa 
Point Channel and around to the second dock. 
1 
q 


but little. lateral As section on of this wi Ww all is 


shown on Plate Plate X. The ti timber platform shown on this section has not 


a»stroyed by worms. 
ce this slope 1 near the mouth of the docks i is mor 
sion of wav es and currents elsewhere on ‘the ig Wi € 


could not be depended ame here to stand at so steep a slope as else- — 


, SO a greater width is required fo or the e platform. m. > A wid idth of 7 


20 the bottom of wall is the ‘pate of 


the dock, an and as it is desirable to keep the front line of the } platforn m 


om or, at any rate, not to ee it to encroach upon the width of 


the dock, the ane are deflected | back near its neand SO as to allow a 
~ of 40 feet at the outer ends. Tf they platform had been: here 
in a width « of 20 feet, and the dock walls: built “straight, 


would have necessi ury to start the of these w alls several 
feet deeper ; and the stone could have been so laid without sub-— 


ne divers, suc cha a plan w would have largely increased the cost, without 


addi ling to the stability of the permanent w ork. The greater width of 
- platform is an apnea of the “amount of w ork subject to renewals, 
“but does not affect the p permanent portions of the w orks, except as here 


‘stated. rg | The walls around this dock were constructed in 1876, t the foun- 


dations havi ing | been. large ly prep: ured ing the prev w inter. 
In Table A will be found a record of the actual settlement of these 
Ms “light walls, averaging about 2 2 inches up to this date, being chiefly due to ¥ 


the indents ation of the ottom stone into the pl ank, and Springing of 


_~ plank to | get a , complete bearing on each pile he: ad oe 


; Owing to the rapid filling of certain portions © of the le space | during the ae 


season, slight for ward mov ements took place, as follows At a point 


about feet from the southwest corner of the dock it moved 


(6: ine hes. 4 At a point on the east side of the doe ock, about 5 


junction with the y wall, moved forward 6 ‘This motion 
: did not t appear to continue in any case ® beyond the ] © period d during which 


"been ‘mixed by by: handling, Ww hich floated out of shortly after 1 being 


dumped. 
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“The Fort Point channel was continned with the same Tight mo 


tion till it reached a depth of some 19 feet of “water at low water in the 


_ channel which was dredged along its front, with an iner Teasing depth as 
t approached the o hha rbor No greater ‘depth this could be 


raintained along the front of a wall of this light cla ass, unless 


* width were given for the timber pil atform, to ) provide = for the 
"slope of the nation upward from he chi annel tow: wrds ¢ the wall, to cover 


piles. or this reason, and for others connecte d with the tidal cur- 


‘Tents, the point it indicated by the offset on the the plan (Plate late IX) was 


fe ‘for beginning ‘the heavy y wall. 4 The ight w wi all was set k 25 fe 


bottom from the harbor line, to | give 2 room for the platform and the. slope vn 


er "it, but the heavy” wall, being founde 2: 233 feet below lo low water, is 


light wall on Point channel was in 1874, the 


was in in th same yom, 
tance where it connects with the heavy w vall beyond by a spur runnin, 


out tothe harbor line. 
The se of this light wall is recorded i in Tal le Eanly after 


4 completion this wall was d up to 13 with ‘anda a large e 


4 pil 
eurve. Directly a “movement ot the wall was, ‘ob- 


Serv ed, about a foot in amount, and tapering out in about 200 feet of 


length each way. p pile « of clay wa ay ‘Was soon remo ved by spreac on to 


a adjacent spaces, and no further movement has been detecte ed here since. 
“Were 


4h coping had been consider ably disturbed by the hoisting of cl ay ov er 


tin 1877, on 1 a straig cht line, leaving the e e offset below the | 


of slightly irregular w width. 


A tabular statement of the results of the pile arivi ing for this and 
ich may 1 from which 
judge of the character ‘the and to compare with 


mater sai in other w orks to be construe ted. See T Tables J and K 


He: Sra WwW WES oF THE Doc 
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Fon the end of this] ght wall, for a a distance of 803 feet along the 


the curve . to the e fir first dock, we have a heavy sea wall, . 


section of whieh i iss chown on Pl: ite X 
The plan. originally proposed f for this = is shown. on Plate xm, 


pt that no o ballast was then pr provided behin or und = 
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pproved i in 1868 by Major- General J. . Foster, George R Baldwin, 
: B. Francis, and T. ‘Willis Pratt, four engineers of high | standing. — 


‘It was the plan conte smplated i in the contracts above alluded to as havi ing a 


Deen made at that time, which were not approved by the Executive. 


_ which this w all west of the dock was to rest, it was. found that some pa uts 
thes clay bed were | mueb sotte er than others, a degree | ‘that ‘it im 


s subsequently examining the char aracter” of the foundation on 


carried out, sO as its stability. 

slippery nature ae the ¢ lay bottom might t lead to anes being pushed bodily AE 
-forwar rd) W hen n loaded by the filling behind it. : It was was found that a w: wall 


built ona foundation of broken stone, as show n on n Plate XI would cost 
rather less t than if built entirely of dime nsion-stone, . while the a f 


cure good work would : a iso be less difficult. 


th Ww eigh of this broken stone w force the lower 


sion- stone, so it could elled after con-— 


As the al of this 1 wall j is at the ‘same level with the: harbor 


floor i in its front, it might it be exposed to undermining if any scour W ere 


to occur r along its base. But Tepe pated observations have ‘shown tha 


- there i is a . slight but constant accretion of mud here, § so that we only had 


4 to be careful to get every part of the of the foundation down to the proposed a 


trench, in ‘in April, 1874, , and nearly the mass, or about 12 000 


yards, w as deposited during that ‘season, and partly, lev elle d up after 
for its settlement. Large s stones were deposited at first, 


their interstic es filled by smaller ones placed roughly | by divers as ‘spec 
fied. It was found that some inconvenience arose im complying with 


the sm: aller limit of 7 75 Ibs. w eight named in the sp spec ifications, and this 


poi waived, stones being rece ed of any ided they were 


of 
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an unequal settlement when first applied, this unequal settlement would, 

4 

s work received the repeated inspection of divers employed by 

j . "the state, as well as the occasional personal inspection of the assistant 


engineer: 
reli: able and intelligent than those of ordinary divers. ~The success 
the structure is largely due to these without wh such a 


arge, Mr. ron h O, Osgood, w were 


would be likely t 0 giv e much trouble by subsequent ‘unequal 


| 

us work of the dimension- this 


| Before depositing the broken s stones, guide piles had been arive en in the 
of the 1 upper angles of slopes of the foundation, both 


and inside the future wall. These were driven in pairs, about 30 feet ’ 


-_ rt between pairs, the inne er one one of each oxlegy ing located by "trial 
= and the outer one measured out from it, _ A line of planks, run 


ning lengthwise the wall, w sad spiked to each iit 80 the 1 er edge o 


the plank should be at the level of 11 feet below low w water, the , grade fo 
levelling this material. Iron s straight- edges, some 20 feet long, wer 


laid across from ‘plank to plank, the stone chips to 


bring the m: material uy up | to the plane thus indicated. ‘The front row of 
plank was also used t to support a -straight- edge resting on the ay 


with on it proper angle, carrying a level 
up upper edge, dressing this slope to the P wrescribed plane. It was as of 
course important to fill all hollows in this slope which r might lead to the — 


out of the material f from unde the wall, and all 


on out or fi or with small 


OF THE Heavy W ALLS. 


on curves of "9084 and 2 


“were required to set out and ‘maintain these ines during the construc 4 


- The surface, w hen the work begar gan, was as “nearly bare at low 1 w vater, 


but cove red some twelve feet at ut high water, and was to be dredged s som 7 


e following method w as o 

four or more in a pla 1ce, were driven about one hundred feet and 


id 
‘fifty feet back | from the line of the > wall, so as to be out 0 of the way of ofthe 
neh. The piles in each cluster were drawn by 


bolts at the these or located at the 


one at its centre, built 


than the car rying on its top a small plat 


| = 280 — 
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were 
either tak , 4 

a a arma, and were to occupy a definite line prescribed by the Harbor Com. 
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form on which a a transit co could: be placed. T 
the curve: measured off th the angles bsmeteiid radial lines marked on those 


dolphins around the cireumfe rence, and another transit on n the dolphin 


at the beginning of the curve, starting from a tangent laid off in succes- 
sion half the corresponding central angles intersecting the radial lines 
previously established; ‘these intersections thus ‘became successive points” 
in a circle fifty : feet inside the line of the wall and concentric with it. 
Whenever a line was needed on the wall, the measurement of fifty feet i in 
range w ith the centre, oom os points established on any two of the dol- 
Be phins, would ‘readily | give it, the lengths of the chords between the dol- 


always defining the length of the chords: the 


pa 


~ 


The line for the dimension stones was given | as “Points were 


upon tempor: <eleton stages, s, spiked to the g guide p piles opposite 


dolphin | by me out from the same. heavy plummet was. 
orang fi rom these points on to the foundation below, aenaii a dim er ‘stood. 


ready to pl wee a heavy stone and drill a hole in it for a bolt under ‘the Fad 
plummet. Aline was then draw on the chord between any two of these 


bolts, and the appropriate ordinates set off for inte itermediate points s by ‘ 


diver, according to a list furnished him, whenev er he: Ww rished to 


ae ‘The successive courses were laid ay making offsets from the one last 


laid, verified occasionally by reference to the dolphins. 
os Duri ing the mon nth of August, 1874, the work of -idayi ing the Satine 


stone began, and progressed, whenever the w allowed, 


a autumn, though only some 1,100 cubic yards were laid before the 
mency of the weather caused a suspension for the winter. sets 


In the beginning of this work it was attempted to use stone of taper- 


g vidthe in the stretcher courses, which was not objec ted to if other | _ 


q were ‘selected or shaped to confor m roughly. to their shape when 


laid alongside of them. But as the water was rarely clear enough for 


“7 length of time to allow the dive ers to see objects over two feet frome 
their r eyes, this adaptation of one stone in hand to another : already laid 
was found to be impracticable, without greater cost than to prepare them 


with parallel ‘sides. This method was, therefore, pursued by the con- — 


tractor after aw aw while, except for the e courses consisting entirely of headers, 


ray 
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laid heads’ ‘points than consisting ‘entirely of stretchers. 


In order to ensure proper I bearings, it was found necessary to gauge the | 
thickness of ev ery stone lowering it into 


attainment of « ‘one inch joints,” om“ 


oud 


are and readily pointed down laying, when laying 


Italo 
aS 4 stone above e water, but not so. in submarine Ww ork. f allow ed to remain, 
me the next stone above, w which may Ly be ten feet long, | is tilted up ‘an inch at 


the end by: a bunch of half an inel *h under its middle, and the error goes on 
ine reasing as we go up, the difieulty of finding such | places i in 


er preve ents selec ting thinner stone to lie over them. — The inevitable 


result would be the breaking of all long stones. Even when the bearings 
are good for the w hole 1 le ngth of a i stone, the slack plac esi in its bed, e coming 


slack half an inch dep pth in the build of the low 


‘stone, will make plenty of joints a full inch “open, so it. becomes very 


> 
aches, 

necessary to look cout the inding st ‘stones and those havi ing ‘bunches, 


7 however small beyond the planes of bearing, bef ofore e they : are lowered into 


_ the water, for it is too costly to bring them up for refitting. 
4 The completion of this w we kK oce ceupied the whole of the ‘years 18 


“and 1876. Iti is now a year since it was loaded by the filling, and its sta- 


bility has been quite satisfs utory. The The actual ‘settlement of its lower 
, course e along its * hole lex agth, and its s progr ess in n detail, ‘is giv en in the 


tables and Cc, together with the present level of the top of coping 

i _ above m mean low w water. The se settling of the granite w wa all has taken place — 

ith such uniformity that scarce any sacks have “Deen formed in 


“cemented joints of the coping. The larg gest erack had opened about 
e-fourth of an inch over a year ago at the top. It was re pointed i in 


76, 3 and subsequently opened one-eighth of an inc A an It has beer n again 


peering in 1877, and now shows nearly one-sixteenth 1 of s an inch « opening. 


The total motion is therefore less than half an inch, and appears | to be 


4, decreas sing. No forw, ard lateral ‘mov ement has been detected i in this 
wall, ‘except the very ry slight o one indicated by this crack. Nota a stone 


‘bom broken | by this movement, 


whieh ware cot ont in noire or cingls ctoneac and coynld mare yoadily ho 
7 3 
q 4 | 
— 
| much troubleandcon- 

— UU _ stant vigilance on the part of the inspector, as well as greater cost in le a 
q ting on the part of the contractors than they had anticipated. Itoccurred 
7 

| a here, as in other places where stone are laid in 

bunches were often found on the top of a course already laid, 
Ae. 7 

wat 

a 
4 a 

— 75 
4 
| a 
— « 

“4 
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This, wall, as “now built, ertainly capable of resisting much 
greater thrust, sliding: forws ard on its than if the dimension- 


me had been laid directly « on n the cls ay, for its base is composed of large 
, imbedded i in the clay by t the superincumbent load, while e ; 


pane more than d double the width a wall built 4 as tfin st 


n- -stone — In fact, only” 1,200 cubic yards of the 


aid prior t to 187 5. ‘The ment one 


ally caused 


mvenience, 


lement had its limite, 


Want East OF THE Doce. 


‘the doc k on flats | belonging to the St: een this the 


dock on the flats of the Boston & Albany Railroad Company, the same | 


reasons s did not asia to exist for the base Of broken stone twelve feet 


etween the two docks ieee ation was quite uniform in texture, 


conditions of the back : 
oot of the whole w ork, for this filling» was ra ‘to extend against ; 


- the central portion of its length, 156 feet only ’ being filled out of a total” 


length of about 180 feet, the doe k walls being connected with it about ; 


- feet back from its ends. : Still ‘another 1 reason appeared for r adhering 


» the principal features of the original plan at this plac -yiz., the 


exposure here, to. the er erosive effect of waves on the 
bottom, | which ‘might | perhaps disturb a foundation of broken 
having a Tt was as therefore e determined to adhers etos 


om The foundation was ur feet bel low y the of the 
and the french filled with small broken stones to diminish the r 


slipping, ; Previ ious, howev er, to ° adv ares this ; sty le of wall at at this place, a 


6 bottom w 


_* The writer is indebted to Mr. Jos. P. Frizzell for conducting these experiments, with 
Mr. J. O. Osgood, inspector. 


ia 
— 
4 
st 
proposed, entirely of block-stone from the bottom. In constructing 1, 
broken stone, as above described, were mostly deposited in 1874, and 
were all g withthe 
inc for this work was levelled up after such un- 
— 
= 
— 


n completed along the whole length of he 


proposed pi er- head to the required depth of 23 feet below low water, 
piles were driv en at intervals, order to unifor rmity 


‘existed in the ¢ general character of the bottom. ‘The ‘dredging and ‘pile- 
driving both tended to show a great in the e physical charac- 


teristics « of f the along | the hole of the w was a 


was en into it and L fastened together the top, 


platform was built on them. A single pile, with squarely ly-sawed ‘point, 


was set upright, resting its point on the clay, while its its top 1 was held ver 
tically over its lower end by the platform, through at hole i in which it 
as allow ed to slide. A small cross- was then mi: aie fast to the: top 


of this loose pile, on which definite: weights were applied, while the — 


amount of ‘under these w was observed a levelling 


instrament referred to a fixed bench- mark. 


‘The under the head of settlement” indicate the new or ad- 


ditional subsidence due to the i increase of load pets wa 


pounds per square | Interval during which set- 
Total weight in foot of bearing in feet. tlement occurred before 


BU rfac was measur 


46 
2,500 At once, 
500 10,900 6 hours, 
,830 16,700 a At once, 
2,830 16.700 0.20" 7 hours. 
16,700 0.25% a hours more, 
16,700 72 hours more. 
16,700 j 72 hours more, 


‘ 


oor: This material can be compared t 
rit’ 


square- piles under the hammer ; fen the of 
such a comparison, a statement is wing below of the successive aad, 


of several piles hi here driven. hammer weighed 1,385 pounds. 


eac ma 


The piles were selected of about the same size, inches « diameter 


i 
the p point varied from 4 s to 53 fost, in The: water was 
being 


* Additional. y 


| 
| 
q 
q 
| q 
q 
— 
— 
a 
ma 
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( First pile. 

8d, ft. 1} in. 

Second pile. . st. "aft. 2 in. 

2d, | 7 ft.10 in. 

\ 

— 

8 ‘in, 


43 in. 
34 ip. 


8 ft. 


next ‘is was to determine w what ‘amount of friction this clay 


7 would afford as a resists mce to the sliding outw: ard of the v wall on its base, 


where it has no © foothold, standing ona lev el with the harbor floor. 7 rn 


For! this purp ose, a TO rough block of granite was dragged level 


g 
* bed of clay, immersed in the w: ater, while the amount of force ne ded 
to produce s sliding was with a spring ‘balance. of 


42 trials g gave for the ‘coefficient of friction : at starting, 0.328, and after 


starting, 0. 224, while in | motion. In practice this can be largely in- 
 ereased by. broken stone on the bottom. 


The actual condition he ere existing, affec’ ting the stability 


may be described as follows : The wall is, except for a slink Adena at 


each end, to act as a retaining wall for the solid filling behind it, while 


_ the ebb and flow of the tides br ing ¢ a Mass 0 


‘some B feet in height—being from 22 to 34 feet in depth at spring — 


tides. Since the jower are laid without cement, the water 
passes freely through the wall, rising and falling with e every tide m ong 


SS 
z= the material in its rear, as far as such material i is not impe prions to it. 
4 Ap porous ballast i s pl weed immediately behind the wall, but beyond this 
the materi: il, 36 feet in height above its ase, , is a a ‘slippe ry clay, 


d reduced d by handling to a semi-fluid eatin when first ‘deposited and 


— 

94 

.: 

—_— 

= 
d 

f water in its front. varving 
— 


’ 


was about double ‘that sea water This isa slow process ; 
n characteristic of he material a tendency to resist the p per 


posit Defore it as compact. as whe first found i in the harbor. 


In| this latter condition we are obliged to use it as a foundation to build 


ar a of some 5.000 per. square foot without f ving out 


also that an increase of oad ‘above 


perceptibly | un this loa 
this point was soon accompanied by by ya tendency to flow, which was 
rently continuous for a number of day a load of 16 000 pounds 
per foot was applie d.- The qu: quantity - of clay to. bet moved by flow from 


‘i under such * load w ould increase materially with the settlement of the 
wins 


loud, for the first few inches of the aren by the i accumulation of 


pow ‘equilibrium seemed to reac in experi- 
penta, where a slight settlement taking place at first, was checked by 


util by successive | > ap "00 ations of new loads, a 


his s settlement 


irable to limit the maximum load tod 5 00 000 isan per foo foot, i 


ea possible although a heavier load might not prodnee much ti rouble, a 


ithin the li mits of 7 7 O00 or 8 000 pounds | per square foot. 


unt and of the pressure “exerted upe 


results ant of the frie tion aot the partic es as ase ion pre 
the g grav avity y of the mass. s. Iti is, therefore, sometimes called the angle of | 
wi Since the inv estigations of Prony, in the aie: ed of this century, 1 it 


has been accepted as proved, that the x maximum pressure of earth in euch 


friction, « and its tangent is the coeftic of the material. 


is exer ted, not by the whole pris ism lying be tween its natural slope 


and th the back of the wi all, for the t tendene *y to slide in ‘that prism is just 


- balanced by friction, and it would not te nd to move. at all; but this eres 


imum pressure: is exerted by the prism contained between the back of 


wall and a ple: 1e inc lined upward from its ba 80 as to the 


angle between the v ertical and the natural slope. 


 aequiring gradually a more solid character by the expulsion of water 
|g 
q 

q 2 

— 

4 
2 im 11s Increase OT resistance 4a 
of about 16 000 pounds' - 4 
= 
a q 4 
| 

gravity of the material; (B) the natural slope of the material, when a> 
on 

4 cases 

y_* 


prism downward would, therefore, throw the centre of pressure ms the 
direction of this limiting plane on which the: sliding takes place, 

parallel to it ; and as centre of gravity in a prism, ‘if ‘homogen- 


eous, would be at two-thirds the distance e from the top of the: wall to the 


centre of this sloping pl ne, the line of pressure strike the back 
of the wall at a a point ee hind way up from the | 
_ horizontal thrust on the wall at this point is natal by “ followi ing 


* 
tangent: } | 


= pressure on fer: a unit of length. 


counting from he 


half the complement of the angle « of repose ; 


2 tangent } 
the weight 


height. of the wall i is 39 fee It only re remains 1s to find the of. repose 
of ‘the Inaterial. this that all the un 


value. natural slope of earth, when not to the wash 


re vite deal p | possesses, first ‘tea, the fluidity of mortar, 


and its natural slope i is found to be s low as 3°, till time is giv en for it 


to ) expel the water with which it nef been mixed. é Tt follows that a 


ail enormous height and breadth of base would be required to hold up such 


a filling for the period its tri ansition a semifluid to a compera-— 


tively ‘solid state; so that much e onomy would 1 result | by using plenty 


= 


as far as s possible. ‘The fires step in direction is to in imme- 


diate contact with the rear of the wall a a quantity. of p porous “material or 


of time in so disposing this back filling as to increase the angle of oe 


ballast, which will ‘not only drain the filling in the immediate neighbor- 


. hood, but serve to ine ven the angle - the natural slope. Such material 
was provi ided for this purpose in 1 the s specifications ; ; Viz. 


q 
hight 
other words, this pressure for unit of length of wall equals the 


The gravel w na have a natural slope of some 


BB 18, the if used, a 40° But 


ko the whole slide at a flatter dope than the ballast alone would 


7 
tween that of the two substances: considered separately. num- 
_ ber of experiments , made upon n the friction of this clay, led us to suppos “| 
igle of repose, when not mixed with water, wasmore dependent ——- 
on its sion friction 3 ond disposition ‘to flow under extreme 
pressure was generally dev eloped, even when at its hardest state. If we 


could re ‘ly upon the complet xpulsion, of the water from its: 


ro ompleting the loading ‘the wall, and we chose to 


we might rely on a natural, slop 
and and clay together. the difficulty of attaining this result, and 


uncertain ch: arac ter of the element of “cohesion, indicate pru- 


dence y w vould require the assumed angle to be less than in that « of common 


earth a alone ; ‘say as small as two of base to one of he height, or 26° 34’ for | 


4 the condition things soon after loading the wall, In order to indic: wad 


“the direction and value of the resultant pressure on this supposition, the 
annexed dia ram is made. Seeplate XID 
Jn this diagram the sec ‘tion n of the wall i is show n mn by the figure « ABD. = 


a 
The supposed ‘natural slope of the material behind it, when partially. 


solidated, is shown by the line > BF, with an angle of 63° 26’ from the 


vertical. = prism of | maximum pr essure w ould then be included be- 
tween the lines B. and | BE. It would ‘tend to slide down the line- 


» 
BE, and, ‘if f composed of of homoge neous mat aterials, would give a line of | 
pr essure par rallel to this si side, and intersect the wall at — third its height 


_ above its base. me But we have her e conditions somew hat different from 


wall and the ballast, so that 
ales gravity y of the E not be at the centre of 


gravity of this triangle. af --Extreme low water is evide mntly the time when 


st exists. B But the naterial below the water 
an any ie would not count at its full w eight, ‘but at a weight t dle ‘pending — 


s of gravity over that of sea water. One computing 


ty of the f upon this basis we find it at the point 


— 
a ly on cohesion, 3 
2 
— 
| 
§ 
4 
3 
= 
— 3 
C’. and drawing thence The fhe C77 parallel with we nnd the line 
pressure intersects the back of the wall at a point H, more than afoot 
— q 7. above the lower third of the height of the wall. 4 The weight of such a 3 


buoyancy 


. 


28 pounds, as indicated | unde the point press- 
ure on the wall is een found ie the formula above ve quoted. 7 

aw’ being t the w eight « of the mass, ABE— 50 028, 

26° 


is to from its centre of gre wity, C, with a verti * 


eal force o of 53,490 pounds ; the ‘portion below low : water being dimin- 
ished in weight by the buoyane y of the water, and the centre of gravity = 
higher than at of the figure. The re sultant i is found by com- 
puting the di: agonal ‘of the force parallelogram | to be ina a direction. shown 


by the m3 LIK, making an angle of 30° 02’ with the vertic: u. and anil 


value of 61,790 pounds This w would the. base at 


‘fon of om ny from the following reasons : ‘The angle 30° 02’ is 
somewhat greater than | the. angle of friction: betwe: een n sto me » and stone, as 


’ gen nerally acce epted, | and 1 decidedly greater than that between stone and ; 
a cl: ay. T his might lead to the s sliding forwar d of the wi all. - Moreover, the 

pressure on the base is not uniform, but has a maximum at they point D 


of some | 8, 500 pounds per ‘square foot, even “Supposing the hori 


: “component of this resultant to be cancelle d by frie tion. It had been — 


found by our experiments above referred to, that a pressure of this 


amount on the clay be d under the wall began to 


flow under: the load, hi wdly consistent with stability. 

But we have ave thus far “neglected the items of - water pressure and 


on between the filling and the bac k of the wall. 
rolling motion ii in the wall might take place about the point 


oducing friction on the line Bz 1, it was not thought prudent to rely * 


on this ; although Mosely and some other 


But the water pressure cer tainly does act to some purpose in ass 
= For although it flows freely through the wall and the ballast, — 


it t meets, sooner or later an impervious material against which it stops 
and exerts the know n pransare, wit a part of this ma y y doubtless be reck- yp? 

oned upon to. hold back ‘and cancel, pro tanto, the earth pressure. — on 


the d iognien 4 showing the water-pre ressure e at extreme low 


a 


4 


— 

— 
want now to combine this horizontal force with the weight of the 

@ 
4 

a 
writers suggest such arellance,. 


112 pounds. it the wi Ww were a tight this x produce 


the x resultant JL, when combined with the above described forces. Ih 


reality, this re sultant ‘may de consider ‘ed lie between the KJ Tend 
a fF The latter has an angle ‘of 73° 10’ with the horizontal; or or 16° 50” 


with the vertical, which i is evidently within the limits of st: ability. 
rhe result of the above investigation ind ic cates hat it is desirable to 


- keep the material behind the wall in such a condition that the angle of 


Tepose \ wonld alw ays be slightly greater than here shown, which is a con-— 


“dition on the e xtre me limits of sts wbility. ‘his can gener rally 


ob be attained by giving attention to the manner in which the filling g is de- 
posited ; viz., to insure its being deposited in successive layers, giving 


for the eae h lay er by the expulsion of water fiom 


among its particles | before ap} plying the next one, and giving ach suc- 
oe cessive layer a slope, fr om the wall, by keeping the material highest next 
wall, 1 These well- -known rules in the application of Sting behind a 
% retaining w: all a are particularly important. when using a ‘mate rial like this 


clay, which acts more like fluid than a granular substance, is 


the o condition | ‘that. ‘the pressure shall ove 


‘d cohesion, a power | of resistance difficult to determ 


dent engineers hesitate to rely upon. 
ers hesitate to rely upon. 


above investigation ‘the apparent lack of stabilit 


clay, 


in in 1869, for the frie tion n of blocks upon the clay is far 


\ inferior to that of the same loc ks upon the broken stone, while the lat- 


bein; 1g imbe ded | or indented into. the clay | at the ‘bottom of the 
trench, get a far better hold than flat stones would do, ‘adinn on a flat | 


a. ‘The foundation for the 180 feet of heavy wall between the » docks was pre- 


the 
"pared in the year 187¢ 


above described, by dredging three or four feet — 
below its base, and levelling Ww vith small broken from one to. 
a four inches diameter, carefully packe d and levelled with a straight- edge. 
I uring the year 1876, about seven courses of dimension-stone were laid 
4 upon this by ‘h course being alternately all headers and all 
stretchers 1 up up to low water. _ Each stone was gauged by an inspector be- — 


fo fore being lowered into the water ; and when, in the “spri ing of 1877 7, the 

dock walls having 
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aid. The filling has but -Tecen ently been 


"settlement is appended i in Table 


sad 
i — In the tabular st: atements appe ended (tables E, F and G), w ill be found 
record of the payme nts made under 


d Ballou, also a statement of the of each Kind 


ade 


“ae 


OF USED IN THE W ABOVE 


. As¢his cement was often covered by | tide water almost immediatel y 


after bei being applied d, and always within 10 or r 12 2 hours, until above high 7 


i. water, it w as desirab le to use an artic le pe possessing the quality of setting > 


quickly, : as well as of a uniform quality in ‘other respects, such as mata Jt 


ness, &c, Samples w were drawn from each barrel. _ These wer were mix xedy wi 


a nite and minimum quantity of water, and for attachment 
to the testing apparatus. hese amples wer e imme srsed in water 


for 24 hours and afterwards broken by. tension in an apps yparatus made for 


_ the purpose, weighing the force applied on a scale beam. Another r ap- 
paratus w maile test resistance to but this test not. 


All barrels were rejected 


section after four in water. A de det: tiled statement of 


results of testing large quantities of coment ‘offered is ypende el 


he hereto (see Tables showi ing the gain in strength by “lapse of 
time while immer in ater for periods up to two “years, also” 
- comparison of results for v various proportions of sand and for vr salt and for 
fresh water for mak sing the morta 
: The pointing of the face joints of this wall was originally sich good | 
. American cement, applied under the contract, but it was found to have 


been considerat sly loosened by the frost during the two past Ww inters be 


tween high and low water, onil arrangements were therefore made i in 1877 


to this pointing with Portland cement, where not perfectly sound. 


This w was applied w wit 101 to | be more ‘durable i in 


his 


‘ — 

bonded into it as it was applied, 

as the pressure of si reimme- 
4 diately after its application than ever likely to be afterward, its present — : 3 2 
4 

| 
“J 

| 
| 
a 

4 & 
—_ 
q 
— 

— 
— 

q 
4 


HIND ALLS. 
The material for filling was the clay dredged from the 
~ the exception of the ballast behind the wi alls: and for the weet three feet 
the surfac This lay: was generally so stiff as as s tor require the use eof 
coop p dredge, and was brought | around the walls in scows a 


“dumped about the time of high water, — the filling had ace am 


up to about half tide, after which loaded scows could not oe floated. a) 
dumped it in piles in front of ; 


“lifted. over t them w vith a clam- shell which swung arm m around — 


light locomotive. The tramways extended over the partially filled 


"flats, ted on pile trestles. The car bodies were not on 


: like grav el cars, at had | side boards hinged ‘at the top, with bottoms 
~ 


‘sloping down on each side from the e centre, | so that when th the side eboards — 


‘The repeated Handling had 


were the sipped 0 ont on beth h sides. 


hundred feet on ei either side of hot ‘ram, and avoided the construc- 


ox. tion of many lines of trestles. ri The ridges left along naa the tramway 


by wheel- barrows into the hollows. et This material as s thus | 


ped Ww eighed ab about 125 Ibs. s. pe er cubic foot, us as it was of a a semi-_ 
cm, f ei consistency, capable of exerting an enormous horizontal pressure, 


gt reat care was needed in depositing it near the w: valls | to avoid crow onl 


then em over or r pushing the em bodily | forward. ~The 1 


ushil 


elena was to drop this mater ‘ial over the wall directly on to the balla ae . 


until some four - or five feet in n depth had ‘accumul: ated, then t 


ine along and wait several weeks for this first “deposit to consolidate by ex 


- peliing the water ein its par ticle ‘les before putting « on another layer. 


- After the clay had been accumulate d by thus dropping it ie er the wall to_ 
height near the top. of the l, it sloped back for some hundred feet 
or over the material from scows, and the 


e gr avel for the ballast behind the he walls and part c of that used for 


the surface was ‘brought by SCOWS from dredgings around the Great 


ewster Spit, near the 1 mouth of the harbor, and was dumped, hoisted 
over the wall, and distributed i in the same manner as the s the clay. But the 
ae was in that lines of trestles some two hundred would fill the 


intervening spaces w ith but little wh w heeling of material to level up. 
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| 


larger portion of the 


‘rail, about nine ‘miles, on the line of pte New York & New England 


ow hile getting material for filling the area behind the above deseribed 

walls, the following dredging hes’ been done: 4 | 


Port Point hannel has as | been dredged slope longitudinally 4 


ginning with 12 feet, reaching a depth of 23 feet at low Wi ater, ata oa J 


about midway the length of the heavy wall west of the dock. The p al 


tion of this channel opposite the light “wall i is feet w wide. Peming. 


ele ard the width gradually contracts to: 
at the first dock. 2 Men the entrance to thi ‘ 


a width of 400 feet, w with a depth of 23 feet at eee r This w Ww width — 


allows vessels to turn in entering or leaving the dock. From this point, — 
g the dock. | 


channel is dredged sbont 200 feet Ww vide at low w ater 


‘nearly, due east to the main ship. channel. considerable amount 
‘material has also been taken from a shoal off the e end of. Long | W Vharf 


dock on the ealth’ flats has a depth of 2 feet at 


machines with any exac tness. This bank of el: ay on eae side. will be a 


sufficient protection to t the e walls until the pl: atforms are built » aft which — 


it may or may not be pane necessary to dredge a small quanti ity along ~ 


their front lines. 


> 
The difficulty of inspecting ‘submarine m: masonry is” ‘often felt to be 


‘Serious drawback its use. The difficulty i most cases arises in 


want of  éndependent judgment, veracity, and integrity in 
a have been, are now, or or expect to be in the future, de ‘pendent saat as 


mploy ment upon 1 the contractors w hose work they are to examine and» 


_ Teport upon. Perfect inde ependence is a sine qua non for a good in 
speetor, however good his other qualifications: may be. In the 


ab ove > deseribed the State w as fortunate in secur ing 1g the se services of the 


assistant t engineer in char ge to inspect all the submarine work i in person. 
This v was , done in ordinary diver’ Ss armor, and without any injurious e 
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Lettered stations are 17.61 feet apart ; 


West end of wall 5 


| 
t 
ta 

— 
| 


“quota 
** 
y 


a 


Jo pus yseq 


: 
“6 


‘~~ 


ad 


08 6 —'8 94°6 10°6 —|90°6 —| °° 


| 

4 wae Sonor oa — 

a 

Be = § | — 

— 


r | ‘g 
bot. 


‘ 


‘et d 2 ‘g 
“pelag “Ony d 4 Fl oune 


‘on Arne 


“og dy |“ ‘Og "AON ‘po ‘or ‘Weg 


4 


[ Ad AUNOSV IT 
wy 


| agi | = 
— | 2 < q 


ON Heavy we W aut East oF Decx. ——(Referred to Mean Low W ater.) 


Elev of ‘Bottom 


Course. 


Front line of 
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Dolphin, No. 14, from W. 90.96 


.00 


| 


to bo to 


end of caps. 
End of w 


Mean of latest in rels. 

Original elev vation, top of -bottom 
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 NLB. —The datum used for these levels is the same hitherto — in connection with the 
office of Harbor Commission and Coast Survey. _ It varies slightly from the datum of the ¢ ‘ity 
_Engineer’s office. This datum can be found by the following bench marks, viz.: North-east 
corner of door-step of office of Boston Water Board’s pipe-yard on Federal ook, opposite — 
q = ants me New England Railroad Station, is called 19.839 ; coping of Dry Beck in Navy 


TABLE I 
MADE UNDER THE Cc ONTR ACT 


Lineal Feet. Square Total Reserved 
Light Heavy Filling. ontract ‘ ‘ontract. | ~Paid. 


190,016 139 00 $16,013 88 |$144,125 12 
| 35,768 20 | 321,914 06 
561,692 525,228 21 «52,522 82 | 472,705 

4 Jan. 15, 1878 2,635 884,010,%, 676, 313 68 
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— 0.99 87.05 16.06 
3 i —21.00 02 37:10 16.08 
Greatest | , |. — 
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Recorp or Payments ru Messrs. Crave & 
_ 
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4 Fort Point Channel wall. 


broken stone at north end... . 


- Heavy wall west of ee 


“masonry by dive 
Reavy wall east of dock. .. 
broken stone in foundation. . 
wall 
mnasonry 


“broken stone at north-west corner 
stone at east corner 


A Partial payments have been made according to the following list of nominal — 


prices furnished by the contractor, amounting, when multiplied by the estimated | 
quantities of each kind of work, to the contract ane ad lineal foot of walls: 


- For piles and planking same, 2 piles per lineal foot, at $5 each $ 

Digging out and applying ballast between piles... 

Masonry, 4% yards per fost, at $3.32 + per yard.. 


Ballasting back of wall, 7 4 yards per f toot, at 


° “eee eee ee Por 
stone ii in found $3 60 per 
Guide piles for same, 


15.5 cubie yards per foot length. . 
M asonry below low water, 4,691 eateg @ S18, 


Masonry above low water. 4, 531 yards, $17,775 80587 


contract price, 
For He AVY Wa ALL BETWEEN THE Docks. 
Ma: omry laid by divers, 11.95 yards, @$15.............. $178 per foot. 
Masonry laid above water, 4.531 yards @ 810 . 
Levelling foundation 
ballast be hind wall. 48 
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all from moulds of neat cement mixed with fresh water and broken by tension after im” 
i ed. Tempera water used in mixing about 60° Fahr’t. 
mersion for rome Te aperature ised in n t 60 


Newark & Newark, N. | Newark. N. Rosendale |Cement Co... «s_i—i(te 


Rosendale J., Lime and) J., Lime & & Ce-| tioffman Howe's Cave 
—|Cement Co. Cement Co. |\Cement Co. ment Co. 24-/ Rosendale | Association, 
_ |24-hour tests 24-hour tests All tests hour tests | Cement.” Tests from4 — 
are from 801 are from 440 from 1 bar- ~~. 


| 4 


Bc 


rength 

gth 


Average streng 


er 
strengt 


strength 


bs. pe 
square inch 
in Ibs. 
No. of tests. 
in Ibs. per 


square inc 


No. of tests. 


| 
inlbs. pe 


Average stren 


Average 
Average 


16 hours, 


Tr 


69 


months. 


— 33 [385.1] 19 4355) 13 11 Jor — 


From of neat cement with salt water and broken by tension 


aft r immersion for time stated, = 
e sion f 


° __ Temperature of water used in mixing about 60° Fahr't. 


New .J., Lime & Cement L awrence Cement C Hoffman 


Average strength in 


square inch. 


age — in lbs. 


No. of teats. per square inch. © 


month, 


4 REcoRpDS OF PILE 


The notes on the following pages ; are from personal « 


measurement, and, toge ther, give a fair ir statement of the qualit y of the 


foundation reached between the Boston WwW harf Company’ 8 property and 
the son utherly of the wall. .. 


sand, aud, and ay, in ‘all propor tions: and s so o differently that 
tely stated about their arr: arrangement. Freq 


10 feet or more, and is then succeeded by as 


a > q 
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that the piles no diffe rence in in penetestion other than what is 
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Memon. ANDU M OF Pitz Dr IVING FOR Fouxparioy 0 OF THE 


IN THE Dock. 
rr 
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Ww hole swamber of spruce } piles « driven in State dock wall foundation — 


under contract of June 23, 1875, 3,645. These by specifications to 
10 ine or more in diameter where sawed off ut top. 


Books re rec scord distances dri iven for 


or an average penetration of 21.25 fee The penetration 1 re- 

worded j is 14.5 feet. he gr eatest pe neteation recorded is 28 feet. 


3 As the trench in which these piles w were driven aver raged more than 4 


feet deep at at mean low water, and the penetration when piles: were dropped 

d before ‘driving i is not nee di in the above mae, at least 5 5 feet should 

de added to the above penetrations to show dey »pths: which piles r 


below mean low water : 


TABLE J. 


, Fall of Hammer © 
feet. im feet. lest blow. lof piles. 


Average 
Piles th max. penetration. 


Piles with min. penetration, 17 to 22!4, av. 19.2 10 to 28, av. 23.9 | 

22.054 


Piles with max. penetration. 20. 


. peneiration.|22 


State Do Number of blows. inches, last blow. of piles. 


Aver age... 


greatest 
number of blows 
Piles least nu 
blows.. 


inches, with 27 
ft. fall. 


| inches, 27 


yellow clay or by thin seams of quite pure clay alternating with thin 
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ALONG East SIDE oF CHANNE 


hich Hammer used weighed 400° 


8. 


"Penetration 6 inches by 18th _ 
blow, penetration inches 
by 6th blow. 

35 feet to 41 feet long. 
ft. to 30 ft. 25 8 inches with 20 
. fall when 20 ft. in 

20 ft. to 25 ft. 30 


“20 ft. to 25 ft. 30 
18 ft. to 25 ft. 30 


25 ft. or more 30 ft. to 33 tt. 11 inches. 


ft. to 30 ft. 30 feet. 6 inches. These finding clay at 15 feet 


down. 


8s 5 ft. to 30 ft. 30 ft. to 33 ft.| 8 in. to 14 in. These finding no stiff material. 


feet. 30 ft. to 35 ft. 6 in. to 12 in. Driven 8 ft. or more in 


and moving much less per 
blow when 3 ft. or 4 ft. in 
than at last blow. 


to 35 ft. to 10in. 


25 feet 80 ft. to 35 a gin. tou 14 in. Driven 8 ft. to 10 ft. in clay 


| 
10i ine chen diameter at surface o 
(On three occasions ‘piles dri driven 20 feet or more in the ground, with» 
penetra ion of | abot t 12 las ow with feet fall, w ere again 
struck after 12 or more > hours | with the same fall, the consequent } pen netra- — 
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